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CASING FOR AN ENERGY STORAGE DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the priority of U.S. provisional application serial number 
60/429,377, filed on November 27, 2002. 

FIELD OF THE INVENTION 

The present invention generally relates to the field of energy storage devices, 
such as batteries and electrochemical generators. More specifically, the invention 
relates to a casing for an energy storage device, where this casing serves to protect the 
energy storage device from humidity, oxygen and other harmful environmental factors. 

BACKGROUND OF THE INVENTION 

Storage batteries, also known as energy storage devices, electric cells and 
electrochemical generators, are well known to convert chemical energy into electrical 
energy. Typically, a storage battery is formed of two or more electrochemical cells, 
connected in series or in parallel. Each cell consists of at least one pair of positive and 
negative electrodes connected by a circuit, as well as an electrolyte in liquid, paste or 
solid form. The electrolyte is an ionic conductor, such that one of the pair of electrodes 
will react, releasing electrons, while the other will accept electrons. Thus, when the 
electrodes are connected to a device to be powered, also referred to as a load, the 
electrodes chemically react with the electrolyte to produce a flow of electrons, and thus 
an electrical current, through the circuit. 

Of importance is the fact that storage batteries are rechargeable, through a 
reversal of the normal chemical reaction. More specifically, once a storage battery has 
been discharged, its chemicals can be reconstituted by passing an electric current 
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through the battery in the opposite direction to that of the normal cell operation. 

A popular and well-known type of storage battery is the lead-acid battery, which 
consists of three or six cells connected in series, in which the electrodes are made of 
5 lead and lead dioxide and the electrolyte is made of acid. This type of storage battery is 
commonly used in automobiles, trucks, aircraft and other vehicles. Its main advantage 
is the fact that it can deliver a strong current of electricity for starting an engine; 
however, the lead-acid battery runs down quickly and is heavy, bulky, and susceptible 
to rapid corrosion. 

10 

Lithium-Ion and Lithium polymer rechargeable batteries, which are manufactured 
from laminates of polymer electrolytes and sheet-like anodes and cathodes, display 
many advantages over other types of batteries. These advantages include a lower 
overall battery weight, a high power density, a high specific energy and a longer service 
is life. However, lithium and lithium in metallic form are highly reactive to the environment, 
more specifically to humidity, and therefore must be protected from the external 
environment in order to avoid any undesired reaction. 

In light of the foregoing, it is important that storage batteries meet certain 
20 manufacturing and tolerance requirements in order to ensure proper and efficient 
operation, as well as to extend the useful lifetime of the battery. In this regard, storage 
batteries typically include a protective casing in which the electrochemical cells are 
sealed. This casing serves to protect the cells from any external humidity and oxygen, 
which is important since electrochemical cells are extremely sensitive to oxidation. The 
25 mechanical strength of the casing also protects the electrochemical cells inside against 
shocks, impacts and abusive treatments. 

The casing of a storage battery must thus be sufficiently impermeable to water 
and oxygen to adequately protect the cells from these detrimental environmental 
30 factors, and must also be characterized by a certain level of rigidity. The latter is due 
to the fact that, during charging and discharging of the battery, the volume of the 
electrochemical cells inside the casing increases and decreases thus applying pressure 
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on the walls of the casing. Some outgassing or degassing of the cells may also occur 
through ageing of the electrochemical cells thus increasing the internal pressure applied 
on the walls of the casing. 

5 Traditionally, the casing of a storage battery consists of a sealed metallic box 

that is welded shut. Unfortunately, the manufacture of the metallic box is expensive and 
very labor intensive, due to the required welding operations. The metallic box is 
typically made of aluminum, in order to keep the weight of the casing as low as 
possible; however, the welded aluminum casing remains heavy, which is a 
10 disadvantage, especially in the electrical vehicle and hybrid electrical vehicle industries. 

Against this background, it clearly appears that a need exists in the industry 
for an improved casing for an energy storage device. 

is SUMMARY OF THE INVENTION 

According to a broad aspect, the invention provides a casing for an energy 
storage device, comprising a structural shell defining a void area suitable for 
containing the energy storage device, and an inner lining impermeable to oxygen and 
20 humidity. The inner lining comprises at least one synthetic material layered onto the 
inner surface of the structural shell. The inner lining may comprise a laminate of at 
least two layers of materials, either two or more layers of synthetic materials, a layer 
of synthetic material and a layer of metallic foil, or combinations thereof. 

25 In a specific embodiment, the structural shell is made of reinforced plastic or 

polymer material. The reinforcement may be either by addition of strengthening 
additives like carbon or glass fillers, by reinforcement ribs incorporated into the 
molding pattern of the plastic material, or reinforcement with a plurality of discrete 
metallic portions embedded into the plastic or polymer material. The discrete metallic 

30 portions and the plastic or polymer material may be molded together or the discrete 
metallic portions may be embedded in or on the surface of the plastic or polymer 
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material. The plurality of discrete metallic portions may be joined to the plastic or 
polymer material by a plurality of fasteners, each fastener including a recess formed 
on one of the discrete metallic portion or the plastic or polymer material and a mating 
projection formed on the other of the discrete metallic portion and the plastic or 
5 polymer material. In a specific embodiment, each fastener includes a recess and a 
mating projection, where the recess of each fastener is formed on the discrete 
metallic portion, while the mating projection is formed in the plastic or polymer 
material. The projection is realized when plastic or polymer material in fluid state 
invades the recess formed on the discrete metallic portion. 

10 

The structural shell may include different types of fasteners. In a first type, the 
fastener recess is defined by an aperture or perforation formed in the discrete 
metallic portion of the shell. In a second type, the fastener recess is defined by a gap 
between the discrete metallic portions. In a third type, the fastener recess is defined 

15 by an elongated groove formed in a discrete metallic portion of the structural shell. In 
all types of fasteners, the mating projection of the fastener is formed by the plastic 
material of the structural shell, where this projection engages and at least partially fills 
the gap, rib or aperture in the discrete metallic portion. The reverse arrangement is 
also possible, where the projection of the fastener is formed on the discrete metallic 

20 portions and, during molding of the plastic material, the projection realizes the recess 
in the plastic portion of the structural shell. 

The casing generally includes an aperture opening into the void area for 
receiving the energy storage device, and an end cover mounted to the structural shell 
25 for closing the aperture. 

In a specific non-limiting example of implementation, the structural shell is a 
high strength molded plastic shell having reinforcement ribs incorporated thereto, 
wherein the interior of the structural shell has a smooth surface onto which is secured 
30 a substantially impervious multi-layer laminate. Numerous variations in the rib design 
are possible to obtain the structural integrity desired. Preferably the plastic structural 
shell is molded over the substantially impervious multi-layer laminate that is 
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positioned onto the inner core of the mold, the mold is closed and the plastic material 
is injected into the mold. 

In another specific non-limiting example of implementation, the structural shell 
5 is a high strength molded plastic shell having metallic reinforcement sections 
embedded onto the outer surface thereof. The interior of the structural shell has a 
smooth surface onto which is secured a substantially impervious multi-layer laminate. 
For this embodiment, the multi-layer laminate is positioned onto the inner core of the 
mold, the metallic reinforcement sections are positioned on the outer portion of the 

10 mold, the mold is closed and the plastic material is injected into the mold. The 
structural shell can have any number of discrete portions of metallic reinforcement 
sections, and is not limited to any particular number or shape of discrete portions. 
Further, the casing, as well as the void area, could be characterized by many 
different shapes and sizes, and are not limited to any one particular shape or 

is dimension. 

Advantageously, the novel casing is more lightweight and less expensive to 
manufacture than existing designs. Furthermore, this novel casing adequately 
protects the energy storage device contained therein from harmful environmental 
20 factors, such as humidity and oxygen. 

According to another broad aspect, there is provided a method of 
manufacturing a casing for an energy storage device. The method includes providing 
an inner lining onto an inner core of a mold, closing the mold and injecting a plastic 

25 material into the mold to form a structural shell, wherein the inner lining adheres and 
conforms to the inner contours of the structural shell. In a further embodiment of the 
method of manufacturing a casing for an energy storage device, discrete 
reinforcement metallic portions are provided onto the outer portion of the mold prior 
to closing the mold, the plastic material is injecting into the mold and the discrete 

30 reinforcement metallic portions are anchored to the structural shell. 
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In yet another embodiment of the invention, the structural shell is made of 
composite thermoset material, such as epoxy or urethane, reinforced with either 
strengthening additives like carbon or glass fillers, ribs incorporated into the structural 
shell design, or with a plurality of discrete metallic portions embedded into the 
5 composite thermoset shell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of examples of implementation of the present invention 
10 is provided hereinbelow with reference to the following drawings, in which: 

Figure 1 is a perspective view of a casing for an energy storage device and its 
associated end cover, in accordance with a first embodiment of the present invention; 

15 Figure 2 is an exploded view of the casing shown in Figure 1 ; 

Figure 3 is a perspective view of a casing for an energy storage device and its 
associated end cover, in accordance with a second embodiment of the present 
invention; 

20 

Figure 4 is an exploded view of the casing shown in Figure 3; 

Figure 5 is a perspective view of a casing for an energy storage device, in 
accordance with a third embodiment of the present invention; 

25 

Figure 6 is an exploded view of the casing shown in Figure 5; 

Figure 7 is a perspective view of a casing for an energy storage device, in 
accordance with a fourth embodiment of the present invention; 

30 

Figure 8 is an exploded view of the casing shown in Figure 7; and 
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Figure 9 is a perspective view of a variant of reinforcement metallic portions of 
the casing in accordance with the fourth embodiment of the present invention. 

In the drawings, embodiments of the invention are illustrated by way of 
5 example. It is to be expressly understood that the description and drawings are only 
for purposes of illustration and as an aid to understanding, and are not intended to be 
a definition of the limits of the invention. 

DETAILED DESCRIPTION 

10 Figures 1 and 2 illustrate a casing for an energy storage device, constructed in 

accordance with a non-limiting example of implementation of the present invention. 
The casing 10 includes a molded structural shell 12, an inner lining 14 and an end 
cover 16. Structural shell 12 defines a space or void area 18, which in this example 
is rectangular in shape, suitable for containing an energy storage device (not shown 

15 in the Figures). The shell 12 has an inner surface 20 and an outer surface 22. As 
illustrated, the design of outer surface 22 of the structural shell 12 provides a series 
of ribs 26 to reinforce and rigidify the shell 12 while minimizing weight. The 
structural shell 12 must be sufficiently strong to protect the energy storage device 
inside against shocks, impacts and abusive treatments. In the example shown, the 

20 inner surface 20 of structural shell 12 is a smooth surface. As illustrated in Figure 2, 
the structural shell 12 is preferably closed at one end 15 and opened at the other end 
17 to allow insertion of the energy storage device inside the casing 10. The structural 
shell 12 is made of molded plastic material having the requisite strength 
characteristics such as polybutylene theraphthalate (PBT), polyethylene, 

25 polyethylene theraphthalate (PET) polyamide, polypropylene, polyvinyl chloride 
(PVC) or acrylonitrile butadiene styrene (ABS), amongst other possibilities. 

Inner lining 14 is formed of a layer of material which is substantially impervious or 
impermeable to oxygen, nitrogen and water particles in order to meet the 
30 permeability requirements. The inner lining 14 may be a barrier film adhered to the 
inner surface 20 of structural shell 12; or a second layer of polymer material layered 
onto the inner surface 20 of structural shell 12 via co-extrusion, co-injection molding 
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or coating techniques; or a coating of substantially impermeable material spray 
painted onto the inner surface 20 of structural shell 12; or a thermoformed bag 
inserted into the structural shell 12. In the specific example illustrated in Figure 2, 
inner lining 14 is a barrier film over which is molded structural shell 12. The barrier 
5 film may be a single layer of material or a laminate made of a combination of two or 
more polymer materials layered one on top of the other, to meet the permeability 
requirements. The multi-layer laminate film may comprise a layer of ethylene vinyl 
alcohol (EVOH) and/or polyvinyl alcohol, both highly impermeable to oxygen, and a 
layer of polyvinylidene chloride (PVDC) and/or polychlorotrifluoroethylene (PCTFE), 
10 both highly impermeable to water vapor, among other possibilities. The multi-layer 
laminate film may further comprise a layer of metallic foil such as aluminum foil to 
further increase the impermeability of the barrier film. 

In one specific method of manufacturing the casing 10 illustrated in Figures 1 and 2, 
15 the barrier film or inner lining 14 is shaped like a bag and positioned over the inner 
portion or core of a mold. The mold is closed and the plastic material is injected into 
the mold to form a structural shell 12 over the bag-like inner lining 14, wherein the 
inner lining 14 adheres and conforms to the inner contours of the structural shell. 
When using a laminate in sheet form as the barrier film, the laminate is first folded 
20 somewhat like a grocery paper bag before being positioned over the core of a mold. 
The laminate sheet is preferably cut, folded and glued or melted at the seams to form 
an inner lining 14 shaped like a grocery bag which is eventually positioned over the 
inner portion or core of the mold to produce the casing 10. 

25 In the non-limiting example of implementation shown in Figure 1, casing 10 
comprises an end cover 16, which is also a molded plastic part reinforced with a 
series of ribs. The end cover 16 also comprises an inner lining (not shown) 
consisting of a layer of impermeable material. Once the energy storage device is 
inserted into the structural shell 12/inner lining 14 assembly, the end cover 16 is 

30 hermetically joined to the structural shell 12, for instance, by way of a welding 
operation such as vibration welding, induction welding, ultrasonic welding or laser 
welding, among other possibilities. In the specific example shown, the end cover 16 
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comprises an opening to accommodate a sealed electrical connector 28 used for 
connecting the energy storage device and/or the electronic monitoring systems 
associated with the energy storage device. The electrical connector 28 is 
hermetically sealed against oxygen, nitrogen and water penetration by any means 
5 known to those skilled in the art. 

Figures 3 and 4 illustrate another specific embodiment of the casing for an 
energy storage device, constructed in accordance with a non-limiting example of 
implementation of the present invention. The casing 30 includes a molded structural 

10 shell 32, an inner lining 34, and an end cover 36. Structural shell 32 defines a space 
or void area 38, which in this example is rectangular in shape, suitable for containing 
an energy storage device (not shown in the Figures). As illustrated, the design of the 
outer surface of the structural shell 32 provides a series of reinforcement ribs 40, 
which have a circular pattern as opposed to the squared design of structural shell 12 

15 illustrated in Figures 1 and 2. The circular pattern of reinforcement ribs 40 enables to 
maintain sufficient rigidity while further minimizing the weight of the casing 30. The 
structural shell 32 is sufficiently strong to protect the energy storage device inside 
against shocks, impacts and abusive treatments. As illustrated in Figures 3 and 4, 
casing 30 is basically identical to casing 10 with the exception of the reinforcement 

20 ribs pattern. In this particular example, the structural shell 32 is closed at one end 35 
and opened at the other end 37 to allow insertion of the energy storage device and is 
made of molded plastic material having the requisite strength characteristics, such 
polybutylene theraphthalate (PBT), polyethylene, polyethylene theraphthalate (PET) 
polyamide, polypropylene, polyvinyl chloride (PVC), acrylonitrile butadiene styrene 

25 (ABS), or a blend of PolyPhenylene Ether and Polystyrene (PPE+PS) such as Noryl 
®, amongst other possibilities. 

The inner lining 34 is formed of a layer of material which is substantially impervious 
or impermeable to oxygen, nitrogen and water particles in order to meet the 
30 permeability requirements. The inner lining 34 may be a barrier film adhered to the 
inner surface of structural shell 32; or a second layer of polymer material layered onto 
the inner surface of structural shell 32 via co-extrusion, co-injection molding or 
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coating techniques; or a coating of impermeable material spray painted onto the inner 
surface of structural shell 32; or a thermoformed bag inserted into the structural shell 
12. In the specific example illustrated in Figure 4, inner lining 34 is a barrier film over 
which is molded structural shell 32. The barrier film may be a single layer of material 
5 or a laminate made of a combination of two or more polymer materials layered one 
on top of the other, to meet the permeability requirements. The multi-layer laminate 
film may comprise a layer of ethylene vinyl alcohol (EVOH) and/or polyvinyl alcohol, 
both highly impermeable to oxygen, and a layer of polyvinylidene chloride (PVDC) 
and/or polychlorotrifluoroethylene (PCTFE), both highly impermeable to water vapor, 
10 among other possibilities. Liquid Crystal Polymer (LCP) may also be used as an 
impermeable layer. The multi-layer laminate film may further comprise a layer of 
metallic foil such as aluminum foil to further increase the impermeability of the barrier 
film. The inner lining 34 is assembled into structural shell 32 in the same manner as 
previously described in connection with casing 10. 

15 

According to a variant method of manufacturing the casing for an energy storage 
device, discrete reinforcement metallic portions may be provided on the outer portion 
of the mold prior to closing the mold. The plastic material is injected into the mold and 
the discrete reinforcement metallic portions are anchored to the structural shell. 
20 Alternatively, discrete reinforcement metallic portions may be embedded into the 
molded structural shell. 

Figure 5 illustrates a non-limiting example of implementation of a casing 40, in which 
discrete reinforcement metallic portions 42 are anchored to molded shell 44 thereby 

25 reinforcing the plastic or polymer shell 44 to form a structural shell 50. In this 
particular embodiment, structural shell 50 is formed of four discrete flat portions 42 
adapted to reinforce the walls of casing 40. The discrete portions 42 are arranged to 
reinforce the flat walls of casing 40 and to leave a gap 46 between each pair of 
adjacent discrete portions 42 at each corner of the rectangular casing 40. As 

30 previously described, an inner lining 48 is adhered to the inner surface of structural 
shell 50. The inner lining 48 may be a barrier film; or a second layer of polymer 
material layered onto the inner surface of structural shell 50 via co-extrusion, co- 
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injection molding or extrusion coating techniques; or a coating of impermeable 
material sprayed onto the inner surface of structural shell 50. In the specific example 
shown in Figure 5, inner lining 48 is a barrier film over which is molded the plastic or 
polymer shell 44. The barrier film may be a single layer of material or a laminate 
5 made of a combination of two or more polymer materials layered one on top of the 
other, to meet the permeability requirements. The multi-layer laminate film may 
comprise a layer of ethylene vinyl alcohol (EVOH) and/or polyvinyl alcohol, both 
highly impermeable to oxygen, and a layer of polyvinylidene chloride (PVDC) and/or 
polychlorotrifluoroethylene (PCTFE), both highly impermeable to water vapor, among 
io other possibilities. The multi-layer laminate film may further comprise a layer of 
metallic foil such as aluminum foil to further increase the impermeability of the barrier 
film. 

The casing 40 includes a plurality of fasteners 66, which are provided to retain or 

15 anchor the discrete reinforcement metallic portions 42 to the molded plastic or 
polymer shell 44. Each fastener 66 includes a recess and a mating projection. In the 
example shown in Figure 5, the recess of each fastener 66 is formed on the metallic 
portions 42, while the mating projection is formed on the molded plastic or polymer 
shell 44. Alternatively, the recess of a fastener 66 can be formed on the molded 

20 plastic or polymer shell 44, and the mating projection on the metallic portions 42. As 
illustrated in Figure 5, the recesses of the fasteners 66 are formed by apertures 
and/or perforations in the discrete portions 42. In the molding process, these 
recesses are at least partially filled with the plastic or polymer material of the molded 
shell 44. This particular embodiment of the invention provides ease of stamping of 

25 the discrete metallic portions 42 and ease of design of the mold for assembling and 
manufacturing the casing 40. Note that the casing 40 is not limited to any particular 
number of fasteners 66, nor to any specific distribution of fasteners 66. As shown in 
Figure 5, the discrete reinforcement metallic portions 42 are provided with a series of 
ribs 52, which further increase the rigidity of the reinforcement portions 42 and 

30 therefore of the structural shell 50, thus preventing excessive deformation of the 
casing 40 during operation or abusive handling of the energy storage device. In the 
illustrated embodiment, the ribs 52 are curvilinear, for increasing the rigidity of the 
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central portion of metallic portions 42. However, it will be appreciated that other rib 
designs are also possible to effectively rigidify the discrete reinforcement metallic 
portions 42 according to the strength requirements of the casing 40 without departing 
from the spirit and scope of the invention. 

5 

With reference to the exploded view of Figure 6, in this specific non-limiting 
example of implementation, the recesses are defined by apertures 54, also referred 
to as perforations, formed in discrete portions 42. The mating projection of each 
fastener 66 is a protuberance 54' formed in the molded shell 44. Thus, the 
10 protuberances 54' engage and at least partially fill corresponding apertures 54 in the 
discrete portions 42. In a specific example, each protuberance 54' has an enlarged 
head to prevent separation of the protuberance 54' and the corresponding aperture 
54. The apertures 54 and protuberances 54' of the fasteners 66 are not limited to 
any particular size, shape or distribution. 

15 

In a non-limiting example of the method of manufacturing the casing 40 seen 
in Figures 5 and 6, the discrete portions 42 are placed into a die in the configuration 
of structural shell 50, where the discrete portions 42 already include the above- 
described ribs 52 and perforations 54. When arranged in the die, the discrete 

20 portions 42 are spaced apart, such that gaps are provided between adjacent discrete 
portions 42. Next, the plastic or polymer is injected into the mold. The plastic or 
polymer material in fluid state is deposited in the form of a shell 44 onto the inner 
surface of each discrete portions 42 and the fasteners 66 are formed by the fluid 
plastic that invades the recesses 54 of the discrete portions 42. More specifically, the 

25 plastic or polymer material enters and at least partially fills perforations 54 of the 
discrete portions 42, thus forming the protuberances 54'. Once the molding process 
is complete, the plastic or polymer material of the molded shell 44 is solidified and 
solidly anchored in the perforations 54. Thus, the molded shell 44 and the discrete 
portions 42 are anchored together to form the structural shell 50. As Illustrated in 

30 Figure 6, in the injection molding process, the plastic or polymer material also 
conforms to the contours of the ribs 52 and fills the gaps between each discrete 
portions 42. 
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As shown in Figure 5, the structural shell 50 has an opening 58 at one end 
thereof, for receiving the energy storage device to be contained in the void area 
defined by structural shell 50. The casing 40 includes an end cover 60 adapted to 
5 be mounted to the structural shell 50, for hermetically closing the opening 58, and 
thus the casing 40. In the embodiment shown, the end cover 60 is provided with an 
electrical connector 62 for connecting an energy storage device contained within the 
casing 40 to a remote device, such as a load or a power source. Alternatively, the 
end cover 60 may include several electrical connectors 62, for connecting to one or 
10 more remote devices. Optionally, one of the walls of the casing 40 may be provided 
with the one or more electrical connectors 62. 

Many different types of electrical connectors 62 exist and are well known 
within the field of casings for energy storage devices. In the present invention, the 
15 casing 40 is not limited to any particular type of electrical connector 62. Accordingly, 
since the type and specific operation of electrical connector 62 is not critical to the 
success of the present invention, the electrical connector 62 will not be described in 
further detail. 

20 In the example shown in Figure 5, the end cover 60 is formed of a 

substantially planar, rectangular end plate 63. The end plate 63 is made of any 
suitable material that has the requisite strength and mechanical characteristics. In a 
specific example, the end plate 63 is made of the same material as the reinforcement 
discrete metallic portions 42, for example aluminum, aluminum alloy, or steel. 

25 

The end cover 60 has a void-facing surface on which is molded a lining of 
synthetic material 64, such as plastic or polymer. In a specific example, the material 
of the lining 64 is the same material as that of plastic or polymer shell 44. In the 
example shown in Figure 5, this lining 64 completely covers the void-facing surface of 
30 end cover 60. Furthermore, the end cover 60 also includes a barrier film made of 
one or more layers of material substantially impervious or impermeable to oxygen, 
nitrogen and water particles which adheres to plastic or polymer lining 64 in order to 
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properly seal the energy storage device inside casing 40. In a specific example, the 
plastic or polymer lining 64 forms a border on the void-facing surface of the end cover 
60, along the perimeter of the end plate 63, and fasteners are used to retain the lining 
64 to the end plate 63. 

5 

During mounting of end cover 60 onto the structural shell 50, the lining 64 on 
the end cover 60 is affixed to the molded plastic or polymer shell 44. In a specific 
example, the lining 64 is welded to molded plastic or polymer shell 44, where the 
welding operation may be performed using vibration welding, induction welding, 
10 ultrasonic welding or laser welding, among many other possibilities. At the end of 
this welding operation, the lining 64 and the molded plastic or polymer shell 44 are 
joined along their edges and form a seal. End cover 60 may also be affixed to 
structural shell 50 using a gasket and fasteners or adhesives, or both. 

15 Although not shown in Figure 5, the structural shell 50 may have a second 

opening 58 that is located at the opposite end of structural shell 50. Thus, the energy 
storage device to be contained in the casing 40 may be inserted inside via either one 
of the openings 58 located at either end of the structural shell 50. In this case, a 
second end cover 60 is provided to close the second opening 58. Note that, in a 

20 specific example, only one of the two end covers 60 includes an electrical connector 
62, such that connection between the energy storage device contained within the 
casing 40 and a remote device only occurs at one end of the casing 40. 

Figures 7 and 8 illustrate yet another embodiment of a casing 70 suitable for 
25 containing an energy storage device according to the present invention. As shown 
in Figures 7 and 8, the structural shell 72 is formed of a molded plastic or polymer 
inner shell 74 reinforced with two discrete, C-shaped metallic portions 78. The 
portions 78 are arranged to define a void area 80, which in this example is 
rectangular in shape. Note that the discrete portions 78 of the structural shell 72 are 
30 not directly attached to each other. Rather, in the specific example shown in Figures 
7 and 8, the portions 78 are arranged such as to leave a gap between them for ease 
of fabrication and tolerance control. Although in the example of Figures 7 and 8, the 
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C-shaped discrete portions 78 are substantially identical, the different discrete 
portions 78 forming the structural shell 72 may alternatively be distinct in size and/or 
shape. 

5 The inner shell 74 is molded on the inner surface of the C-shaped discrete 

portions 78, and serves to anchor the discrete portions 78 together in the particular 
arrangement of structural shell 72. The inner shell 74 is made of any suitable plastic 
or polymer material that has the requisite strength characteristics. In a similar 
fashion as described for casing 40 illustrated in Figures 5 and 6, the casing 70 

10 includes a plurality of fasteners 76, which are provided to retain or anchor the C- 
shaped reinforcement metallic portions 78 to the molded plastic or polymer shell 74. 
Each fastener 76 includes a recess and a mating projection. The discrete portions 78 
are placed into a die or mold in the configuration of structural shell 72, where these 
discrete portions 78 already include perforations 84. When arranged in the die, the 

15 discrete portions 78 are spaced apart, such that gaps are provided between adjacent 
discrete portions 78. Next, the plastic or polymer material is injected into the mold. 
The plastic or polymer material in fluid state is deposited in the form of a shell 74 onto 
the inner surface of each discrete portions 78 and the fasteners 76 are formed by the 
fluid plastic that invades the recesses 84 of the discrete portions 78. More 

20 specifically, the plastic or polymer material enters and at least partially fills 
perforations 84 of the discrete portions 78, thus forming the protuberances 84'. Once 
the molding process is complete, the plastic or polymer material of the molded shell 
74 is solidified and solidly anchored in the perforations 84. Thus, the molded shell 74 
and the discrete portions 78 are anchored together to form the structural shell 72. 

25 

As previously described, the inner shell 74 may further comprise an inner 
lining 82 adhered to the inner surface of structural shell 72. The inner lining 82 may 
be a barrier film; or a second layer of polymer material layered onto the inner surface 
of structural shell 72 via co-extrusion, co-injection molding or extrusion coating 
30 techniques; or a coating of impermeable material sprayed onto the inner surface of 
structural shell 72. In the specific embodiment shown in Figure 7, inner lining 82 is a 
barrier film over which is molded the plastic or polymer shell 74. The barrier film may 
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be a single layer of material or a laminate made of a combination of two or more 
polymer materials layered one on top of the other, to meet the permeability 
requirements. The multi-layer laminate film may comprise a layer of ethylene vinyl 
alcohol (EVOH) and/or polyvinyl alcohol, both highly impermeable to oxygen, and a 
5 layer of polyvinylidene chloride (PVDC) and/or polychlorotrifluoroethylene (PCTFE), 
both highly impermeable to water vapor, among other possibilities. The multi-layer 
laminate film may further comprise a layer of metallic foil such as aluminum foil to 
further increase the impermeability of the barrier film. 

10 In a variation of the inner lining 82, the barrier film or laminate may be 

encapsulated into a distinct plastic layer that is chemically compatible with the plastic 
or polymer shell 74. The encapsulation would prevent potential delamination of the 
barrier film or laminate due to poor adhesion between the barrier film and the plastic 
or polymer shell 74, as well as unwanted reactions of the barrier film or laminate with 

15 the ambient air. 

In a variant example of implementation of casing 70 shown in Figure 9, each 
C-shaped discrete portion 78 of the structural shell 72 includes an integral end plate 
portion 86. Once arranged in the shell configuration, the end plate portions 86 of the 

20 discrete portions 78 cooperate to form a reinforcement wall 88 at one end of the 
structural shell 72 such that the plastic or polymer shell 74 would also be molded to 
the inner surface of the reinforcement wall 88, thereby sealing one end of the casing 
70. Fasteners 76 may be used to retain the plastic or polymer shell 74 to the wall 78. 
Thus, in this variant example of implementation, only one end cover is required for 

25 the casing 70. 

In another possible variant example of implementation, the molded plastic or 
polymer shell 74 may be an outer shell, molded on the outer surface of the structural 
shell 72 as opposed to on its inner surface thereby having the discrete metallic 
30 portions 78 forming the inner walls of the casing 70. In this embodiment, an 
electrically insulating barrier is necessary for the operation of the electrical storage 
device. As with the previously described embodiment in which the molded plastic 
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shell forms the inner surface of the structural shell, an impermeable barrier film is 
also required which may be positioned on the inner surface of discrete metallic 
portions 78 forming the inner walls of the casing 70 or between the discrete metallic 
portions 78 and the outer molded plastic or polymer shell 74 to meet the permeability 
requirements of the casing. 

In yet another embodiment of the invention, the structural shell is made of 
composite thermoset material, such as epoxy or urethane, reinforced with either 
strengthening additives like carbon or glass fillers, ribs incorporated into the structural 
shell design, or with a plurality of discrete metallic portions embedded into the 
composite thermoset shell. 

Although various embodiments have been illustrated, this was for the purpose 
of describing, but not limiting, the invention. Various modifications will become 
apparent to those skilled in the art and are within the scope of this invention, which is 
defined more particularly by the attached claims. 
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